SEVERAL STUDIES have examined the timing of neoplastic change in the subcutis of rodents following carcinogen treatment. Methylcholanthrene pellets introduced into the mouse subcutis and removed at predetermined times thereafter induced tumours in over 20% of the animals after only 2 weeks' exposure (Andervont, 1942) . Fibroblast morphology was changed after a few days' exposure to carcinogen-treated pellets and, after a few weeks, cell proliferation rates were altered (Vasiliev, 1959) . This author suggested that the modified proliferation rate was most probably due to the distorted fibroblastic differentiation induced by the carcinogen. Pre-tumour foci of cells did not appear in this study until 3-4 months after implantation. It was not clear whether such foci arose during the early stages of the lesion and persisted, or whether there was a quiescent period before they occurred (Carter, 1970) . There is, therefore, some disparity in the reports concerning the onset of tumour formation in the subcutis following carcinogen treatment.
The implantation of carcinogens suspended in gelatin and mounted on Millipore filters has been used in our laboratories as a model to predict the carcinogenicity of materials (Purchase et al., 1976 (Purchase et al., , 1978 and to trace the cellular progression of 3,4-benzpyrene-induced neoplasia in the subeutis of mice (Westwood et al., 1979) . These latter studies illustrated that pretumour foci of cells were not discernible until 2-3 months after implantation. They consisted of one of 2 major cell components that had either arisen from 2 different progenitor cells (fibroblast or pericyte, and skeletal muscle) or both from a pluripotential cell such as the pericyte.
We have used tissue-culture techniques to investigate the early temporal progression of chemically induced subcutaneous neoplasia. The predominant cell type, observed away from the origin of the cultures, were small spindle quadripolar or polygonal cells (Type 2). These were generally larger than the Type 1 cells and had tapering or fanlike cell processes (Fig. 2) . Cell borders were distinct and often had abundant localized spike processes. The nuclei were slightly larger than the Type 1 cells and were a regular ovoid shape. Nuclei were not so intensely staining as the Type 1 cells. One or 2 nucleoli were present. The cytoplasm was basophilic and contained vacuoles and granules.
Small numbers of multinucleate cells of similar morphology to the Type 2 cells were observed in these cultures. These small multinucleate cells (Type 3, Fig. 2 ) contained 3-20 or more nuclei of similar staining characteristics to the Type 2 cells. Type 1, 2 and 3 cells appeared to show no growth in vitro and were probably derived by direct migration from the explanted tissues.
Cells of a typical fibroblastic morphology (Type 4) were also present. They were of an irregular bipolar or stellate shape with tapering or straplike projections and indistinct boundaries ( Fig. 3 and 4) . The one or occasionally 2 nuclei were round or oval and varied considerably in size. The nuclei contained numbers of nucleoli and chromatin granules. The cytoplasm contained a pronounced perinuclear basophilia. Morphological assessment of the cultures from tissues taken at later times after implantation (2 mice at each sampling time, 2, 4, 6, 8 and 10 weeks after implantation) revealed that the most predominant cells in these cultures were fibroblast-like (Type 4). They grew in swirls with in comparison to the fibroblast-like cells contact inhibition of growth, although (Fig. 4) . A single large round or ovoid overlapping occurred (Fig. 3) . nucleus was usually present although The only other common cell type in binucleated forms did occur. The nuclear these cultures were large spindle or poly-membranes were irregular. The nuclear gonal cells (Type 5). These were very large matrix contained one or more nucleoli BP 2, 3 and 4 weeks. The majority of the cultures resembled those from explants taken one week after implantation. Tissues taken from directly adjacent to the filter surface had a predominant Type 2 and 3 cell component (Fig. 2) . However, on 4 occasions whole colonies of large spindle quadripolar, stellate or polygonal cells grew from these tissues (Fig. 5) . These cells were of a Type 5 cell morphology and had nuclear membrane blebs. The nuclear matrix contained a prominent con(lensed chromatin network. Multintucleate cells were also seen with [3] [4] nuclei. The cytoplasm had a very pronounced basophilia. These cells often grew in disorganized groupings.
A Semi-solid agar studies Control cultures. Rapidly growing cell outgrowths of explants of 3 series of control mice (5 mice/group) were seeded in semi-solid agar (100,000 cells/dish). All failed to produce colonies.
The addition of BP (0.3 mg/dish) to the growth medium on explantation of the control tissues induced the formation of the following number of colonies when outgrowths were seeded in semi-solid agar:
1412 colonies/100,000 cells seeded + 1 2.
Growth medium was changed for fresh medium free of BP 7 days after explantation (5 mice were used for each of 2 experiments). Tumour cultures. Six explants from each of 5 BP-induced s.c. sarcomas were cultured for each stuidy, and the cells trypsinized and placed in semi-solid agar 4 weeks later. The mean number of colonies from 2 studies was: 1389 + 24-9 colonies/ 100,000 cells seeded. The resulting cell outgrowths were seeded in semi-solid agar medium. The results of these studies are presented in the Table. There was a peak in number of cells capable of forming colonies in semi-solid agar when tissue explants were taken 4 weeks after the implantation of BP. There was a considerable decline in this number 6 weeks after implantation and a further drop by the 8th week.
Growth of agar colonie8 in liquid medium.
-When colonies from the 4-week agar cultures were seeded in liquid medium, cultures were obtained that consisted of cells of a typical Type 5 morphology. However, these cells grew with very little contact inhibition of growth, and often formed piled-up colonies.
DISCUSSION
Cells grown from the surface of the control filters explanted 5 days after implantation conformed to the 4 morphological types described. The appearance of these cells mirrored the inflammatory reaction that had occurred in vivo (Westwood et al., 1979) . Fibroblast-like and macrophage-like cells were a dominant feature of these tissue cultures. Fibroblastlike cells (Type 4) were typical of the young fibroblasts described by Ham (1974) that occur in tissue sections. These cells were also very similar to the fibroblast-like cells that have been reported to grow from explanted s.c. implants of plastic (Johnson et al., 1977 (Westwood et al., 1979) Agar colonies taken from the 4-week BP-treated explant cultures were found on growth in liquid medium to consist of cells of the described Type 5 morphology. Montagnier & Macpherson (1964) showed that polyoma virus-transformed BiHK cells had the capacity to grow in a semi-solid agar medium whereas normal cells did not. Similar results were found by Sanders & Burford (1964) . Since then many workers have shown that both malignant cells and cells transformed by a variety of carcinogens have this capacity (Bradley & Metcalf, 1966; Alfred, 1.967; Borland & Hard, 1974) . Indeed many cells capable of growth in semi-solid agar are able to give rise to tumours when injected into suitable hosts (Kirkland & Pick, 1973; Kirkland et al., 1975; Evans & Di Paolo, 1975) . These agar-derived Type 5 cells, unlike cells of control cultures, grew with only limited contact inhibition of growth and formed overlapping cell clumps. Loss of contact inhibition of growth is a criterion that has often been used as an indicator of morphological transformation (Di Paolo & Donovan, 1967; Namba et al., 1969; Stoker & Macpherson, 1961; Di Paolo et al., 1973) .
Cells of Type 5 morphology were very similar to the large aberrant cells that appeared in vivo after the s.c. implantation of BP, and evidence has been presented for a temporal progression of these cells to form tumours (Westwood et al., 1979) . Aberrant skeletal-muscle cells have also been implicated in the s.c. progression of BP-induced neoplasia (Westwood et al., 1979) . The strap or polygonal Type 6 cells exhibited similar nuclear and cytoplasmic features to these cells. Indeed regular striations were occasionally observed in the cytoplasm. That these cells were not located in the 4-week explant semi-solid agar test cultures does not necessarily preclude them from involvement with the progression of s.c. neoplasia.
The percentage of cells capable of growth in agar reached a peak when explants were taken 4 weeks after implantation. A subsequent decrease in this figure was noted, until the formation of tumours, when colony numbers increased again. During this period the amount of BP remaining in the area of the implant site was relatively constant (Westwood, unpublished data) . Variation in the amount and distribution of carcinogen in vivo is therefore not responsible for this observation. These results, together with the observation that pre-tumour proliferative cell foci do not occur in vivo until about 8 weeks after BP implantation (Westwood et al., 1979) indicate that the semi-solid agar studies may well mirror the kinetics of transformed cells in vivo. The fluctuations in numbers of cells capable of growth in agar may result from the parameters regulating the development and progression of chemically induced s.c. neoplasia.
These studies have shown the presence of cells, in the s.c. tissues of mice, with "transformed" characteristics, as early as 2 weeks after implantation. Their morphological similarity to the cells of the pre-tumour foci that ultimately arise may indicate that one is the progenitor of the other.
